Benzyladenine (BA) treatment was found to induce chloroplast DNA (ctDNA) The proportion of ctDNA in total cellular DNA was determined by several workers using reassociation kinetics (5, 14-16). To correctly estimate the DNA content per chloroplast, Boffey and Leech (3) measured the DNA content ofisolated chloroplasts after DNase treatment. These studies showed that the ctDNA content per chloroplast decreased during the development of leaves in pea (6), spinach (14), wheat (3), and beet (16). However, no information is yet available on the influence of BA on the
Naito et al. (10) have shown that BA induces a marked increase in total cellular DNA and chloroplast number per cell in growing primary leaves ofbean plants. The present study was undertaken to find to what extent the increase in ctDNA per cell contributes to the increase in total cellular DNA.
The proportion of ctDNA in total cellular DNA was determined by several workers using reassociation kinetics (5, (14) (15) (16) . To correctly estimate the DNA content per chloroplast, Boffey and Leech (3) measured the DNA content ofisolated chloroplasts after DNase treatment. These studies showed that the ctDNA content per chloroplast decreased during the development of leaves in pea (6) , spinach (14) , wheat (3) , and beet (16) Chloroplast pellets thus obtained were further purified on a step gradient of Percoll (Pharmacia). The 3-step gradient contained 2.5 ml of 90% (v/v), 5 ml of 40%, and 5 ml of 20% Percoll mixtures containing 330 mM sorbitol, 50 mM Mops-NaOH (pH 7.4), 2 mM EDTA, and 0.15% BSA. Chloroplasts were resuspended in the extraction medium, and a 1.5-ml aliquot was layered on top of the gradient and centrifuged at 3500g for 20 min. Intact chloroplasts banding at 40/90% interface were taken with a Pasteur pipette, diluted with extraction medium, and pelleted at 2200g for 30 s. All procedures of isolation and purification were carried out at 0 to 4°C.
The number of chloroplasts in the suspension was counted on a hemocytometer after proper dilution of the suspension. The amount of ctDNA per chloroplast ( Fig. ID) was calculated by dividing the value of DNA/ml of a chloroplast suspension by the number of chloroplasts/ml of the same suspension. In the experiments for Figure IC, Schmidt-Thannhauser-Schneider's method (13) (10) . Therefore, the data presented here on a per leaf basis would show the same kinetics when expressed on a per cell basis.
Total cellular DNA increased about 50% in BA-treated leaves during the 7-to 21-d period but remained unchanged in the control leaves (Fig. IA) . This agrees with the previous results of our laboratory (9) .
The Chl content per leaf increased markedly during the 7-to 13-d period in control leaves (Fig. 1B) . BA (Fig.  IB) .
The chloroplast number per leaf (Fig. IC) Figure IC , i.e. 1.02 to 1.06 x 109 and 8.3 to 8.6 x 108 chloroplasts/leaf in the 13-to 21-d period for BAtreated and untreated samples, respectively. This coincidence indicates the validity of the present method for determining chloroplast number per leaf.
The ctDNA per chloroplast decreased in both BA-treated and untreated leaves during the 7-to 13-d period (Fig. 1D ) when chloroplasts were duplicating (Fig. IC) . After 13 d, it increased markedly in BA-treated leaves, while still decreasing slowly in controls. At 21 d, a chloroplast in BA-treated leaves contained about 1.6 times as much ctDNA as that in control leaves.
Examination by phase-contrast microscopy showed that 70% to 95% of the isolated chloroplasts were intact. Neither nuclei nor nuclear fragments were found in the chloroplast suspensions when they were examined not only with a light microscope but also with a fluorescence microscope after staining with DAPI without DNase treatment. In the latter case, DNA was detected in every chloroplast (data not shown). However, the possibilities could not be excluded that the chloroplast fraction was contaminated with a small amount of nuclear fiagments which might have escaped microscopic examination and that some part of the ctDNA was lost from the broken chloroplasts during their preparation. Therefore, we tried to accurately determine the ctDNA per chloroplast using the method of Boffey and Leech (3) . Chloroplast suspensions were treated with DNase and then with DAPI. Chloroplasts with distinct margins surrounded by a halo under phase optics ( Fig. 2A) were the same ones that showed DAPI fluorescence (Fig. 2B) . Here again no contaminants which fluoresce with DAPI were detected (Fig. 2B) . Thus, our preparations contained only ctDNA in intact chloroplasts without DNA in broken chloroplasts or in fragments of other organelles. The quantity of ctDNA per chloroplast was calculated by divid-
